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(54) Method and apparatus for post-processing images 



(57) The invention is an image transmitting method 
and system including receiving encoded images, de- 
coding those images and post-processing the decoded 
images. The post-processing reduces visual artifacts, 
such as blocking artifacts and mosquito noise, through 
separate detection, mapping and smoothing operations 
while avoiding many of the complexities associated with 
existing techniques. In detecting blocking artifacts, the 
inventive method employs DCT-domain detection rather 
than edge detection in the pixel domain. Also, the inte- 



rior of a detected block is updated based on the sur- 
rounding blocks without disturbing the surrounding 
blocks. In reducing mosquito noise, the inventive meth- 
od smoothes the non-edge pixels within blocks contain- 
ing edge pixels rather than smoothing the edge pixels. 
Also, distortion-induced false edge pixels are distin- 
guished from true edge pixels and heavily smoothed. 
The post-processing method and system is generally 
applicable to Block DCT based compression systems, 
either intrinsically or extrinsically. 
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Description 

Background of the invention 

1. Field of the Invention 

The invention relates to methods and systems for 
processing electronic image signals. More particularly, 
the invention relates to methods and systems for reduc- 
ing distortions caused by compressing and reconstruct- 
ing electronic image signals. 

2. Description of the Related Art 

An electronic image signal is comprised of a plural- 
ity of picture elements, e.g., pixels. A series of electronic 
image signals are used to form a video or video se- 
quence. When transmitting electronic image signals, an 
image compression system is often employed. 

A typical image compression system 1 0 is shown in 
FIG. 1. In general, such systems receive an input image 
signal, encode the signal with a coder 14 using, e.g., a 
compression scheme, transmit the encoded signal 
through a suitable transmission medium 16, then de- 
code or reconstruct the transmitted information with a 
decoder 18 into an output image signal. 

Despite the extensive development of compression 
systems in recent times, many image compression sys- 
tems produce significant distortion when operating at bit 
rates lower than those designed for or when processing 
complex material. Therefore, when transmitting com- 
pressed information over, e.g., analog telephone lines 
or personal wireless links (which typically have bit rates 
on the order of 8-40 kb/s), even today's most sophisti- 
cated compression techniques have difficulty in deliver- 
ing low distortion image signals. 

Also, when using existing compression standards, 
e.g., Joint Photographical Expert Group (JPEG), Motion 
Picture Expert Group (MPEG), H.261 , often little can be 
done to conform the compression coding to fit the par- 
ticular standard in use because most elements in coder 
1 4 and decoder 1 8 are fixed. However, an external proc- 
essor 24 can process the input image signal before the 
information goes through coder 14 (i.e., "pre-process- 
ing") so that the available bit rate for the image process- 
ing system will be used for perceptually more important 
information. Similarly, a post -processor 26 can process 
an image signal reconstructed by decoder 18 ("post- 
processing") to reduce or remove visual artifacts result- 
ing from waveform distortions in the reconstructed im- 
age signal. Thus, by using pre-processing and/or post- 
processing techniques, the image quality can be im- 
proved without altering existing compression schemes. 

In newly designed compression systems, the pre- 
and post-processing operations often are designed as 
intrinsic elements of the compression system. However, 
because such is not possible when using existing com- 
pression standards, much effort has been directed to- 



ward developing pre-and post-processing enhance- 
ments for the existing compression systems. 

Both compression techniques and decompression 
or reconstruction techniques are often expressed con- 
s ceptually as the combination of three distinct yet inter- 
related operations: representation, quantization, and 
codeword. An example of the coding portion of these 
operations is shown generally in FIG. 2 and an example 
of the decoding or reconstructing portion of these oper- 
10 ations is shown generally in FIG. 3. 

The first coding operation, representation, express- 
es the signal more efficiently and in a manner that facil- 
itates the process of compression. An example of rep- 
resentation is Block DCT (shown as 32 in FIG. 2), which 
' 5 is a particular form of discrete cosine transformation 
(DCT). A signal representation may contain more pieces 
of information to describe the signal than the signal it- 
self, however, most of the important information is con- 
centrated in only a small fraction of this description, and 
20 thus only this small fraction need be transmitted for ap- 
propriate signal reconstruction. 

The second coding operation, quantization (shown 
as 34 in FIG. 2), performs amplitude discretization of the 
representation information. In the third operation, code- 
cs word assignment, e.g., variable length coding (VLC), 
shown as 36 in FIG. 2, the quantized parameters are 
encoded in a manner to exploit their statistical redun- 
dancy and reduce the average bit rate. 

The decoding or reconstructing portion of system 
20 1 0 is shown in FIG. 3 and generally involves the inverse 
of those operations performed within coder 14, shown 
in FIG. 2. For example, within decoder 1 8 are shown the 
inverse operations of representation 46 (e.g., inverse 
discrete cosine transform or I DCT), quantization 44 
35 (Q 1 ) and codeword assignment 42 (e.g., variable length 
decoding or VLD). 

The image of interest is often partitioned into non- 
overlapping 8x8 blocks, each block is independently 
transformed (e.g., using 2-D DCT), and the blocks are 
40 adaptively processed. The application of DCT in this 
manner is often referred to as Block DCT. 

Partitioning an image into small blocks before ap- 
plying the DCT affords benefits, including reduced com- 
putational and memory requirements, and simplified 
45 hardware manufacturing implementation (e.g., via par- 
allel DCT operations) for coder 14 and decoder 18. 

In general, a typical video coder is comprised of an 
image coder plus further process filtering such as tem- 
poral filtering and/or spatial filtering. The temporal or 
50 time-based filtering is typically performed by a differen- 
tial pulse code modulation (DPCM)-type or motion-com- 
pensation (MC)-type coding scheme. For example, a 
preceding frame can be used as a reasonable predictor 
for the current frame, and only the error in the prediction, 
s 5 rather than the entire current frame, needs to be coded 
and transmitted. Because this error is in the form of a 
2-D signal or image, conventional image compression 
often is applied for its compression (with the differences 
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in characteristics between an error signal and a typical 
image being accounted for). The temporal processing, 
in particular how the prediction is formed and what hap- 
pens when it fails, is important because it affects the 
spatial processing and the type of artifacts that may oc- 
cur. 

A spatial filter, particularly a spatial post-filter, is de- 
pendent on the location of a particular pixel or set of pix- 
els within a single frame of interest. Typically, spatial 
post -filters are not time dependent and do not rely on 
information from frames other than the current frame of 
interest. 

Usually, motion -compensated (MC) prediction and 
related block-based error coding techniques perform 
well when the image can be modeled locally as transla- 
tional motion. However, when there is complex motion 
or new imagery, these error coding schemes may per- 
form poorly, and the error signal may be harder to en- 
code than the original signal. In such cases, it is some- 
times better to suppress the error coding scheme and 
code the original signal itself. It may be determinable on 
a block-by-block basis whether to use an error coding 
scheme and code the error signal, or to simply code the 
original signal. This type of coding is often referred to 
as inter/intra processing, because the coder switches 
between inter-frame and intra-frame processing. 

Block-based MC-prediction and inter/intra decision 
making are the basic temporal processing elements for 
many conventional video compression standards. Gen- 
erally, these block-based temporal processing schemes 
perform well over a wide range of image scenes, enable 
simpler implementations than other approaches, and in- 
terface nicely with any Block DCT processing of the er- 
ror signal. 

For complex scenes and/or low bit rates, a number 
of visual artifacts may appear as a result of the signal 
distortion from a compression system. The primary vis- 
ual artifacts affecting current image compression sys- 
tems are blocking effects and intermittent distortions, of- 
ten near object boundaries, called mosquito noise. Oth- 
er artifacts include ripple, contouring and loss of reso- 
lution. 

Blocking effects are due to discontinuities in the re- 
constructed signal's characteristics across block bound- 
aries for a block-based coding system, e.g., Block DCT. 
Blocking effects are produced because adjacent blocks 
in an image are processed independently and the re- 
sulting independent distortion from block to block caus- 
es a lack of continuity among neighboring blocks. The 
lack of continuity may be in the form of abrupt changes 
in the signal intensity or signal gradient. In addition, 
block-type contouring, which is a special case of block- 
ing effect, often results in instances when the intensity 
of an image is slowly changing. 

Mosquito noise is typically seen when there is a 
sharp edge, e.g., an edge within a block separating two 
uniform but distinct regions. Block DCT applications are 
not effective at representing a sharp edge. Accordingly, 



there is considerable distortion at sharp edges: the re- 
constructed edges are not as sharp as normal and the 
adjacent regions are not as uniform as they should be. 
Mosquito noise is especially evident in images contain- 
5 ing text or computer graphics. 

Many of the image compression standards availa- 
ble today, e.g., H.261, JPEG, MPEG-1, MPEG-2 and 
high definition television (HDTV), are based on Block 
DCT coding. Thus, most of the research into post- 
70 processing techniques has focused on reducing the ar- 
tifacts produced by Block DCT coding, in particular, re- 
ducing the blocking artifacts. 

Because blocking artifacts are caused primarily by 
the discontinuities that exist along the block edges, 

*5 many efforts to reduce these artifacts were motivated 
by the idea of smoothing these boundaries. In H. Reeve 
and J. Lim, "Reduction of blocking effects in image cod- 
ing,' Optical Engineering , vol. 23, pp. 34-37, Jan/Feb 
1984, simple fowpass filtering was applied along the 

20 block boundaries. Similarly, in B. Ramamurthi and A. 
Gersho, 'Nonlinear space-variant postprocessing of 
block coded images," IEEE Transactions on Acoustics, 
Speech and Signal Processing, vol. ASSP-34, pp. 
1 258-1 268, October 1 986, lowpass filtering was applied 

25 parallel to the image edges to reduce the distortion while 
preserving the image sharpness. 

Conventional post-processing techniques often are 
split into two basic classes: open-loop approaches and 
closed-loop approaches. Open-loop approaches are 

30 typically simpler, one-pass schemes. They are relatively 
less complex, yet still achieve adequate performance. 
Another advantage is that they are not necessarily tied 
to the details of the particular coder and therefore are 
more portable because they are often applicable to a 

35 large number of coders. For example, coding tech- 
niques that simply filter along block boundaries do not 
require details about the quantization process (only 
block size information is required). However, open-loop 
techniques usually do not ensure that the resulting im- 

40 age is relatively close to the original. Thus, the proc- 
essed signal may differ significantly from the original sig- 
nal. 

Closed-loop approaches, e.g., POCS (projections 
onto convex sets) based schemes, are typically more 
45 computationally complex because they are iterative or 
multipass in nature. Closed-loop approaches are formu- 
lated to converge to something closer to the original sig- 
nal and often are highly coder-specific, as they exploit 
more attributes of a given coder (e.g., the specific quan- 
go tization strategy employed). The greater sophistication 
and in-depth knowledge of the actual compression pro- 
vides the potential for higher performance than open- 
loop schemes. Also, closed-loop schemes typically em- 
ploy some type of feedback aspect, with "checks" in the 
55 feedback loop to ensure that the processed signal does 
not diverge from the original signal. 

In FIG. 4, a conventional, POCS-based artifact re- 
ducing scheme 50 is illustrated in operation with the de- 
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coding portion 18 of compression system 10. As shown, 
a smoothness constraint operation 52 is applied (in the 
spatial domain) to the reconstructed signal emerging 
from decoder 18. Thereafter, a quantization constraint 
54 is applied occurs in the DCT domain (i.e., after DCT 
conversion 56). These constraints are applied recur- 
sively until the processed image converges to an image 
with the desired properties or to an image that is closest 
to having these properties. 

However, despite frequent favorable results, 
schemes such as that shown in FIG. 4 and similar 
closed- loop techniques are often computationally inten- 
sive. Furthermore, configuring an adequate quantiza- 
tion constraint often requires that the post-processing 
technique be intrinsically tied to the particular compres- 
sion system it is supporting, thus possibly limiting the 
range of applicability of the post -processing technique 
outside of the supported compression system. 

it is desirable to have available a compression 
method, for use alone or in combination with existing 
compression coders, that transmits natural looking im- 
ages over analog telephone lines, personal wireless 
links and other media that employ bit rates lower than 
existing compression methods are designed for. Specif- 
ically, such a compression method should reduce dis- 
tortion while preserving image sharpness, naturalness 
and minimizing system complexity. 

Summary of the Invention 

The invention is as defined by the claims. Embodi- 
ments of the invention include a method and system for 
transmitting images including receiving encoded imag- 
es, decoding those images and post-processing the de- 
coded images. In particular, it is a method and system 
in which post-processing reduces visual artifacts, such 
as blocking artifacts and mosquito noise, through sep- 
arate detection, mapping and smoothing operations 
while avoiding many of the complexities associated with 
existing techniques. In detecting blocking artifacts, the 
inventive method employs DCT-domain detection rather 
than edge detection in the pixel domain. Also, the inte- 
rior of a detected block is updated based on surrounding 
blocks without disturbing the surrounding blocks. In re- 
ducing mosquito noise, the inventive method smoothes 
the non-edge pixels within blocks containing edge pixels 
without smoothing the edge pixels. Also, distortion-in- 
duced false edge pixels are distinguished from true 
edge pixels and heavily smoothed to insure that they do 
not degrade the post-processed image. The post- 
processing method and system is generally applicable 
to Block DCT based compression systems, either intrin- 
sically or extrinsically. 

Brief Description of the Drawings 

FIG. 1 is a schematic view of a conventional image 
processing system; 



FIG. 2 is a partial schematic view of the compres- 
sion or coding portion of the image processing sys- 
tem shown in FIG. 1; 

FIG. 3 is a partial schematic view of the decoding 
or reconstruction portion of the image processing 
system shown in FIG. 1; 

FIG. 4 is a partial schematic view of the decoding 
portion of the image processing system shown in 
FIG. 1 in operation with a conventional post- 
processing system; 

FIG . 5 is a schematic view of a post-processing sys- 
tem according to an embodiment of the invention, 
FIG . 6 is a partial schematic view of a block detector 
used in the post -processing system of FIG. 5; and 
FIG . 7 is a partial schematic view of a edge detector 
used in the post -processing system of FIG. 5. 

Detailed Description 

In the following description, similar components are 
referred to by the same reference numeral in order to 
simplify the understanding of the drawings. 

In many block-based image compress ion systems, 
the representation stage (e.g., Block DCT 32 in FIG. 2) 
preserves the information of the original signal, and 
hence is lossless or invertible. Similarly, codeword as- 
signment (e.g. VLC 36 in FIG. 2) is invertible. Thus, dis- 
tortion is introduced during quantization. It is important 
to realize that while the distortion is introduced by quan- 
tization, the form that the distortion takes is a function 
of the chosen representation. That is, the type of repre- 
sentation used dictates how the distortion manifests it- 
self in the reconstructed image. 

Spatially-adaptive processing is necessary in pre- 
serving the important image elements, such as edges, 
texture and uniform areas, while eliminating blocking ef- 
fects and mosquito noise. As discussed previously, 
many approaches exist for detecting and processing the 
different elements in a signal. Artifact detection and re- 
duction is typically performed in the pixel domain. How- 
ever, because most artifacts result from quantization in 
the DCT-domain, in some cases, artifact detection 
should occur in the DCT domain instead of the pixel do- 
main. 

Also, to reduce the detected artifacts, there exists 
a wide range of linear and nonlinear filtering techniques. 
However, the choice of filter is not as important as the 
specific details of its incorporation within the post 
processing scheme. 

Referring to FIG. 5, a post -processing system 60 
according to an embodiment of the invention is shown. 
The system comprises two separate yet coexisting 
processing paths: a first processing path 64 lor reducing 
blocking effects and a second processing path 68 for 
reducing mosquito noise. As will be evident from further 
discussion, the two processing paths are independent 
of one another and can be performed sequentially or in 
parallel with one another, and their results are combin- 
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able without unacceptably affecting image quality. 

In general, the first step in reducing blocking effects 
(i.e., processing path 64) is detecting or identifying, with 
a block detector 72, the blocks that may exhibit these 
artifacts. Once these potential problem blocks are iden- 
tified, a block map is generated showing their respective 
locations to guide the subsequent filtering or smoothing 
technique (shown generally as 76). 

Since blocking artifacts result from discontinuities 
in the signal characteristics across block boundaries 
and these discontinuities are pixel-domain phenomena, 
many detection techniques search for discontinuities 
along the boundary pixels (often similar to edge detec- 
tion at block boundaries). However, according to an em- 
bodiment of the invention, block detection is performed 
in the DCT domain. Therefore, as shown in FIG. 6, block 
detector 72 uses a Block DCT operation 73 to transform 
the signal into the DCT domain prior to any actual block 
detection operation, shown generally as 74. 

Specifically, flocking artifacts result when an inad- 
equate number of DCT coefficients (i.e. , the data result- 
ing from the application of a DCT operation) represent 
a particular block. Typically, this occurs when only ap- 
proximately one to three coefficients are used. There- 
fore, according to an embodiment of the invention, 
blocks that potentially exhibit blocking artifacts are 
found, e.g., by calculating the number of nonzero DCT 
coefficients in a coded block and comparing that to a 
threshold. 

The computational requirements for this detection 
technique are not burdensome. For example, in a still- 
frame compression scheme (e.g., JPEG), if post- 
processing in this manner is coupled with decoding or 
reconstruction, all of the nonzero DCT coefficients are 
already available as a result of the previous coding and 
decoding. 

In highly compressed video, a significant number of 
the blocking artifacts occur for intra-coded blocks. For 
these blocks, the decoder already has the nonzero DCT 
coefficients. For optimal performance, the DCT coeffi- 
cients also should be computed for all the inter-coded 
blocks. However, the computational requirements may 
be reduced considerably by choosing to examine only 
those blocks that are likely to exhibit blocking effects, e. 
g. the blocks having relatively significant motion in the 
current frame. In this manner, redundant smoothing of 
many blocks smoothed after their initial intra-coding is 
reduced. 

Once potential problem blocks are detected by de- 
tector 72, an appropriate filtering or smoothing operation 
76 (see FIG. 5) is applied to reduce the blocking effects. 
It is important to successfully reduce the blocking effects 
without distorting the image. For example, when 
processing images with high spatial resolution heavy fil- 
tering along the block boundaries produces minimal 
added distortion to the image. In contrast, when 
processing low-resolution images, which are character- 
istics of very -low bit rate compression systems, exces- 



sive filtering often has drastic harmful effects on the re- 
sulting image quality. 

The invention described herein adopts the notion 
that the pixels within a potential problem block are more 
5 distorted than the pixels in the surrounding blocks, i.e., 
the pixels outside the block in question are more accu- 
rate than the pixels inside the block in question. There- 
fore, the accurate exterior pixels are used to improve 
the estimate of the distorted interior pixels without alter- 
*o ing the exterior pixels. 

Such approach is equivalent, essentially, to apply- 
ing a filter along the boundaries of a detected block but 
only updating the pixels values within the block. For ex- 
ample, horizontal lowpass filtering is applied to reduce 
'5 the discontinuity along the left and right boundaries of 
the distorted block, but only the pixels within the block 
are actually updated. The pixels in the surrounding 
blocks are left untouched. Similarly, for example, a ver- 
tical lowpass filter is applied along the top and bottom 
20 edges of the distorted block to reduce the discontinuity 
along these edges. Note that if two adjacent blocks are 
identified as exhibiting blocking artifacts, the resulting 
processing according to this embodiment of the inven- 
tion is equivalent to conventional lowpass filtering along 
2S the boundary. 

The second processing path 68 involves reducing 
mosquito noise. In general, pixels that potentially may 
exhibit mosquito noise are detected initially and then 
smoothed. More specifically, because mosquito noise 
30 appears as random noise or oscillatory distortion within 
an 8x8 pixel block and is especially prominent in blocks 
containing sharp edges, blocks containing sharp edges 
are detected using an edge detecting operation 84 and 
then the non-edge pixels within the identified blocks are 
35 smoothed using an appropriate filtering or smoothing 
operation 88 (see FIG. 5). 

This approach relies on the notion that non-edge 
pixels potentially exhibit mosquito noise. It is important 
to note that only the non-edge pixels are smoothed in 
*o order to retain image sharpness, which implies that pre- 
serving the fidelity of the edges is of high priority. The 
edge pixels exhibit distortion similarly to any pixel in the 
afflicted block. However, filtering the edge pixels pro- 
duces an unacceptable amount of blurring and therefore 
45 an overall loss of image sharpness. Furthermore, typi- 
cally, the edge distortion is totally masked by the edge 
itself. Therefore, the edge pixels must be identified care- 
fully and preserved, and then the remaining non-edge 
pixels are safely smoothed to reduce the mosquito 
50 noise. The non-edge pixels are smoothed, e.g., by any 
of a number of conventional, smoothing techniques. 

In general, one problem with edge detection is that 
large amplitude distortions, such as mosquito noise, 
may be falsely detected as edges. As a result, these 
55 large amplitude distortions evade the smoothing proc- 
ess and degrade the post-processed image. To coun- 
teract this problem, it is necessary to distinguish be- 
tween true edges and false edges and to heavily smooth 
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the false edges. 

Therefore, as shown in FIG. 7, edge detection op- 
eration 84 uses an edge detector 85 to identify all edges. 
The identified edges are used to construct an edge map 
that undergoes a further operation (shown generally as s 
86) to distinguish the true edges from the false, distor- 
tion-induced edges. 

One manner of distinguishing true edges and false 
edges from the edge map is by examining the connec- 
tivity of the pixel in question. For example, four 5-point 10 
windows are applied to the edge map, each window be- 
ing centered at the pixel in question and aligned along 
the horizontal, vertical and diagonal directions, respec- 
tively. If the sum of the edge map values along any of 
the directions is determined to be greater than or equal *5 
to a threshold value, an edge is determined to exist 
along that direction and the pixel in question is assumed 
to correspond to a true edge. Otherwise, the pixel in 
question is assumed to be a false edge. 

The notion behind this true/false edge detection ap- 20 
proach is that a true edge typically will have a string of 
adjacent edge pixels. Conversely, a distortion-induced 
false edge is typically characterized by isolated edge 
pixels (i.e., edge pixels that are not part of a connected 
string of edge pixels). 25 

Upon conclusion of such determination, the result- 
ing edge map is now a more accurate indicator of the 
true edges in the image. The false edges are then 
smoothed heavily, e.g., by an appropriate smoothing 
scheme 87. 30 

The detected true edge pixels (i.e., the edge pixels 
that are not identified as false edge pixels) are passed 
through the system unprocessed in order to retain im- 
age sharpness, as discussed previously. The non-edge 
pixels undergo smoothing via filtering step 88 (see FIG. 35 
5) to reduce the distortion. As mentioned previously, a 
number of conventional smoothing techniques are suit- 
able. However, several conventional factors associated 
therewith need to be considered in choosing a suitable 
smoothing technique, e.g., whether the smoothing tech- 40 
nique should be linear or nonlinear, and how "heavy" the 
smoothing should be. Such considerations can be de- 
termined readily by those skilled in the art, and need not 
be discussed here. 

Alternatively, in filtering step 88, it may be beneficial 45 
in terms of retaining image sharpness to not only pass 
each edge pixel unprocessed in smoothing, but also to 
pass the top, bottom, left, and right adjacent pixels un- 
processed. Therefore, each edge pixel as well as its four 
adjacent pixels is unprocessed. All the remaining pixels so 
will be smoothed, and all the edge pixels will be exclud- 
ed from the region of support of the smoothing filter. 

Finally, because the pixels in the image are 
smoothed in a sequential manner, there exists the op- 
tion of using some of the already smoothed (updated) S5 
pixels when smoothing the current pixel. That is, within 
the window for the smoothing filter, some of the already 
smoothed pixels may be used with the other non- 



smoothed pixels. Such a smoothing scheme allows h- 
place processing to be performed. 

The artifact reducing techniques described herein 
are applicable for use with many image processing sys- 
tems, including most if not all systems that employ 
block-based DCT coding schemes. Such coding 
schemes include JPEG, P^PEG, MPEG-1, MPEG-2, 
MPEG4, H.261, H.263, HDTV (High Definition Televi- 
sion) and Dig. NTSC (National Television System Com- 
mittee). However, it is not required that the inventive fea- 
tures described herein be used with block-based coding 
schemes. For example, the edge filtering used in reduc- 
ing mosquito noise is not dependent on block DCT op- 
erations being part of the overall coding scheme. 

It will be apparent to those skilled in the art that 
many changes and substitutions can be made to the 
post-processing method and system herein described 
without departing from the scope of the invention as de- 
fined by the appended claims. 



Claims 

1 . A system (60) for transmitting images including the 
receipt of an encoded image, the decoding of said 
image and the post -processing of said decoded im- 
age, said image signals comprised of blocks includ- 
ing blocks having blocking effect artifacts and 
blocks having mosquito noise artifacts, wherein 
said blocks are comprised of pixels including edge 
pixels and non-edge pixels, said system compris- 
ing: 

a first post-processing coder for reducing said 
blocking effect artifacts from said blocks, said 
first post-processing coder including 

a DCT domain detector (72) for detecting 
blocks having said blocking effect artifacts, 
and 

a filter (76) for smoothing the edges of said 
detected blocks based on the blocks adja- 
cent thereto; and 

a second post-processing coder for reducing 
said mosquito noise artifacts from said blocks, 
said second post -processing coder including 

a detector (84) for identifying said edge pix- 
els, and 

a filter (88) for smoothing the pixels not 
identified as said edge pixels by said edge 
pixel detector. 

2. The system as recited in claim 1 , wherein said filter 
further comprises: 

a horizontal lowpass filter for filtering along the 
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left and right edges of said detected blocks; and 
a vertical lowpass filter for filtering along the top 
and bottom edges of said detected blocks. 

3. The system as recited in claim 1 , wherein said edge 
pixels include true edge pixels and false edge pix- 
els, wherein said pixel edge detector distinguishes 
between said true edge pixels and said false edge 
pixels, and wherein said detector further comprises 
a filter for smoothing said false edges whereby said 
false edges are smoothed into non-edge pixels. 

4. The system as recited in claim 1, wherein said 
blocks are comprised of pixels including edge pix- 
els, sharp edge pixels and non-edge pixels, and 
wherein said second post-processing coder further 
comprises: 

a detector for detecting said blocks having said 
sharp edge pixels; and 

a filter for smoothing the non-edge pixels within 
those blocks identified as having sharp edge 
pixels. 

5. A method for transmitting images including the re- 
ceipt of an encoded image, the decoding of said im- 
age and the post-processing of said decoded im- 
age, said image signals comprised of blocks having 
edges and including blocks having blocking effect 
artifacts and blocks having mosquito noise artifacts, 
said blocks comprised of pixels having values, said 
blocks comprised of pixels including edge pixels 
and non-edge pixels, said post-processing com- 
prising the steps of: 

reducing said blocking effect artifacts from said 
blocks, said blocking effect artifacts reducing 
step including the steps of 

detecting blocks having said blocking ef- 
fect artifacts, 

smoothing the edges of each of said de- 
tected blocks based on the corresponding 
edge of blocks adjacent thereto, and 
updating the pixel values within said de- 
tected block without substantially modify- 
ing the pixel values within blocks adjacent 
to said detected blocks; and 

reducing said mosquito noise artifacts from 
said blocks, said mosquito noise artifacts re- 
ducing step including the steps of 

identifying said edge pixels, and 

filtering the pixels not identified as edge 

pixels in said identifying step. 

6. The method as recited in claim 5, wherein said edge 



smoothing step includes filtering the boundaries be- 
tween said detected blocks and blocks adjacent 
thereto. 

5 7. The method as recited in claim 5, wherein said edge 
smoothing step further comprises horizontal low- 
pass filtering along the left and right edges of said 
detected blocks and vertical lowpass filtering along 
the top and bottom edges of said detected blocks. 

w 

8. The method as recited in claim 5, wherein said edge 
pixels contain true edge pixels and false edge pixels 
and wherein said identifying step further comprises 
the steps of: 

15 

distinguishing said edge pixels between said 
true edge pixels and said false edge pixels; 
generating a map based on said distinguishing 
step; and 

^0 smoothing said false edge pixels based on said 

generated edge map. 

9. The method as recited in claim 8, wherein said dis- 
tinguishing step further comprises the steps of: 

25 

comparing each of said pixels with at least one 
adjacent pixel whereby a degree of connectivity 
is established; and 

determining said true edge pixels based on said 
30 degree of connectivity of each of said pixels. 
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